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Use of a gene for increasing the oil content in plants 
Description 

5 

The invention relates to the use of a gene that when e^cpressed 
will increase the total amoijnt of oil (i.e. triacylglycerols - 
TAG) that is produced in transgenic organisms • 

10 More specifically this invention describes the identification 
of a gene encoding a TAG synthesis enhancing protein (TEI*) . 

In a first embodiment^ this invention is directed co the TEP 
protein comprising an amino acid secjuence as set forth in 
IS SEQ ID JrfOr 2 or a £imc tional fragment^ derivative, variant, 
or ortologue thereof* 

The present invention further includes the nucleotide sequence 
as set- forth in SEQ ID NO: 1, as well as portions of the genomic 
2® sequence, the cDNA sequence, allelic variants, synthetic variants 
and iraatants thereof *. This includes sequences that are to be used 
as probes « vectors for transformation or cloning intermediates . 

SEQ ID Nol 2 is the 'deduced amino acid sequence from the open 
35 reading frame YJR098e in SEQ ID NO. 1. 

Another aspect of the present invention relates to those poly- 
peptides, which have at least 60% identity to SEQ ID NO: 2. 

^0 Th^ invention furthermore relates to expression constructs 

for expressing yeast TEF in plants, preferably in plant seeds, 
transgenic plants expressing yeast TEP, and to the use of 
said transgenic plants for the production of food* feeds* 
seed, pharmaceuticals or fine chemical « in particular for 

3S the production of oils. 

In oil crops like rape, sunflower, oil palm etc., the oil (I.e. 
triacylglycerols) is the most valuable product of the seeds or 
fruits and other compounds such as starch, protein and fiber is 

40 regarded as by-products with less value. Enhancing the quantity 
of oil per weight basis at the escpense of other compounds in oil 
crops would therefore increase the value of the crop. If proteins 
that promote the allocation of reduced carbon into the production 
of oil can be up regulated by overexpression, the cells will 

*5 accumulate more oil at the expense of other products- This 

approach could not only be used to increase the oil content in 
already high oil producing organisms such as oil crops, they 
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could also lead to signlficanl: oil productioti in moderate 
or low oil containing crops such as soy. oat, maize, potato / 
sugar beans / and turnips as well as in microorganisniB . 

5 Increasing the oil content in planes and, in particular, in 
plant seeds is of great interest for traditional and nxodem 
plant breeding and in particular for plant biotechnology. Owing 
to the increasing consTsngption of vegetable oils for nutrition or 
industrial applications, possibilities of increasing or modifying 
10 vegetable oils are increasingly the s\abject of current research 
{tor example Tapfer et al. (19d5) Science 268:681-686). Its aim 
is in particular increasing the fatty acid content in seed oils. 

The fatty acids which can be obtained from the vegetable oils are 
15 also o£ particular interest. They are en^loyed, for example^ as 
bases for plasticizers, lubricants, surfactants, cosmetics and 
the like and .are employed as valuable bases in the food and feed 
industries. Thus, for example, it is of particular interest to 
provide rapeseed oils with fatty acids with medium chain length 
20 since these are in demand in particular in the production of 
surfactcints « 

The targeted modulation of plant metabolics pathways by recombi-- 
nant methods allows the modification of the plant metabolism in 

.35 an advantageous manner which, when using traditional breeding 

methods^ could only. be. achieved after a complicated procedure or 
not at all. Thus, unusual fatty acids, for example specific poly- 
unsaturated fatty acids, are only synthesized in certain plants 
or. iioc, at all in plants and can therefore only be produced by 

30 expressing the relevant gene in transgenic plants (for exait^le 
Millar et al. (2000) Trends Plant Sci 5:95-101). 

Triacylgylcerides and other lipids are synthesized from fatty 
acids... Patty acid biosynthesis and triacylglyceride biosynthesis 

35 can be considered as separate hiosynthetie pathways owing to 
the compartmentalization, but as a single hiosynthetie pathway 
in view of the end product. Lipid synthesis can be divided into 
two part-mechanisms, one which might be termed ''prokaryotiC 
end another which may be termed '^eukaryotic* (Browse et al. 

4>0 (19 86) Biochemical J 235:25-31; Ohlrogge t Browse (1995) Plant 
Cell 7:957-970) . The prokaryotic mechanism is localized in the 
plastids and encompasses the biosynthesis of the free fatty 
acids which are exported into the cytosol, where they enter 
the eukaryotic mechanism in the form of fatty acid acyl-CoA 

4iS esters and are esterified with glycerol-3 -phosphate IG2P) to 
give phosphatidic acid (PAl . PA is the starting point for the 
synthesis of neutral and polar lipids- The neutral lipids are 
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synthesized on the endoplasmic reticulum via the Kennedy pathway 
(Voelker (1996) Genetic Engineering, Setlow (ed.) 18:111-113; 
Shankline & Cahoon (199S) Annu Rev Plant Physiol Plant Hoi Biol 
49:611-649; Frentzen (1998) Lipids 100:161-166). 

5 

The last step in the sj/nthesis of triacylglycerols has been 
shown to occur by two different enaymatic reactions, an acyl-CoA 
dependent reaction catalyzed by an acyl-CoA : diacylglycerol 
aeyltransf erase (Cases, et al., 1998; Lardizahal, et al., 2001) 

10 and the acyl-CoA independent reaction catalyzed by an phospho- 
lipid z diacylglyerol acyl transferase (Dahlqyist, et al., 2000). 
Two unrelated gene families encoding acyl-CoA = diacyl glycerol 
acyltransf erases have been identified in plants, animals and 
yeast, .whereas the gene family encoding the acyl-CoA independenc 

15 enzyme has been identified in yeast but not in plants or animals. 
In yeast, a total of four genes (arel, are2, Irol, dgal) belong 
to these three gene families, and they are the only genes known 

.fr^?^^^^^^^® . '^^^P^^ly triacylglycerol synthesis . Thus, no 
synthesis of triacylglycerol could be detected in yeast cells 

20 where all four genes were disrupted. In the present invention 
we showr that a fifth gene is present in yeast, which enhances 
the amovuit of triacylglycerol that accuimilates in wildtype yeast. 

It is. .an object of the present invention to provide alternative 
3S jnethods for increasing the oil content in plants. 

We have found that this object is achieved by the present 
invention . 

ao A first subject matter of the invention comprises a method of 

increasing the total oil concent in a plant organism or a tissue, 
organ, part, cell or propagation material thereof, comprising 

V 

a) the transgenic e^qpression of yeast TEP in said plant organism 
35 or in a tissue/ organ, part, cell or propagation material 

thereof, and 



b) the selection of plant organisms in which - in contrast to or 
comparison with the starting organism ^ the total oil content 
AO in said plant organism or in a tissue,, organ, part, cell or 

propagation material thereof is increased. 



Other proteins resulting in the same effect as the protein set 
forth in SEQ ID NO. 2 are obtainable from the specific seccuences 
45 provided herein. Furthermore, it will be apparent that one can 
obtain natural and synthetic TEPs, including those with modified 
amino acid sequences and starting materials for synthetic-protein 
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modeling from the exemplified TBPs and from TEPs which are 
obtained through the use of such escemplif ied sequences. Modified 
amino acid se<3uences include segiuences that have been mutated, 
truncated^ increased and the like^ whether such sequences were 
5 partially or wholly synthesized. 

Further^ the nucleic acid probes (DNA or RNA) derived from the 
SEQ-XI) No. 1 of the present invention can be used to screen and 
recover "homologous" or ^related" sequences from a variety of 
10 plant and microbial sources. 

The present invention can be essentially characterized by the 
following aspects: 

15 Example 1 shows the reduction of triaeylglycerol accumulation in 
yeast cells lacking the YJRQdSc gene. 

Example 2 shows the increased accumulation of triaeylglycerol in 
yeast cells expressing the YJR098c gene in combination with a 
20 strong promoter. 

Example 3 shows a significantly higher total oil content in the 
seeds of transgenic plant lines with increased e^cpression of the 
yjR098c gene construct. 

as . . . ... 

Use of a imcsleie acid sequence SBQ-ID XJoi 1, encoding a protein 
SBQ-ip No: 2 that enhances the production of triaeylglycerol 
(TAG) , by genetic transformation of an oil-producing organism 
^. 'with said seciuence ^in order to Jbe expressed in this organism, . . 

30 resulting in an active protein that increases the oil content 
of the organism- The nucleic acid sequence is derived from the 
sequence shown in SBQ ID NO. 1 from the S^ccbjLsromyc&s c^if&vl&l^e 
yjnOBSc gene (genomic clone or cDWA) or from a nucleic acid 
sequence or cDMA that contains a nucleotide sequence coding for a 

3S' protein with an amino acid sequence that is 60% or more identical 
to the amino acid sequence as presented in SEQ ID No: 2. 

The gene product, which we refer to as a TAG synthesis enhancing 
protein (TEP) is most likely not itself catalyzing the synthesis 
40 of TAG, but its presence elevates the amount of TAG synthesized 
by other enzymes* 

The instant invention pertains to a gene construct comprising a 
said nucleotide sequence SEQ ID No: 1 of the instant invention, 
45 which is operably linked to a heterologous nucleic acid. 
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The term operably linked nutans a serial organization e.g- of a 
promoter, coding seq[uence, terminator and/or further regulatory 
elements wiierehy eacli element can fulfill its original function 
during escpression of the nucleotide aeiiuence. 

S 

Further, a vector coitfi>rising the said nucleotide sequence 
SEQ ID No: 1 of the instant invention is eonten^lated in the 
instant invention. This includes also an expression vector which 
can harbor a selectable marker gene and/or nucleotide sec^uences 
10 for the replication in a host cell and/ or the integration into 
the genome of the host cell. 



Furthermore, this invention relates to a method for producing 
a TEP in a host cell or progeny thereof including genetically 
IS engineered oil seeds, yeast and moulds or any other oil- 
accumulating organistti, via the expression of a construct in 
the* cell. .Of particular interest is the expression of the nucleo- 
tide sequences of the present invention from transcription 
initiation regions that are preferentially expressed in plane 
20 seed tissues. It is further contemplated that an artificial gene 
sequence encoding TEP may be synthesized* especially to provide 
plant-preferred codons. Cells containing a TEP as a result of 
the production of a TBP encoding sequence are also conten^lated 
within the scope of the invention » 
25 ....... 

Further, the invention pertains a transgenic cell or organism 
containing a said nucleotide sequence and/ or a said gene 
coiistruct and/or a said vector. The object of the instant 
invention is further a transgenic cell- or organism which" is an * - 
30 eucaryotic cell or organisia. Preferably, the transgenic cell or 
organism is a yeast cell or a plant cell or a plant. The instant 
invention further pertains said transgenic cell or organism 
having an increased biosynthetic pathway for the production of 
subscraces for the synthesis of triacylglycerol . A transgenic 
3S cell or organism having increased oil content is also contem- 
plated within the scope o£ this invention. 



Further, the invention pertains a transgenic cell or organism 
wherein the activity of TEP is increased in said cell or 

40 organism. The Increased activity of TEP is characterized by 
an alteration in gene expression, catalytic activity and/or 
regulation of activity of the enzyme. Moreover « a transgenic 
cell or organism is included in the instant invention, wherein 
the increased biosynthetic pathway for the production of sub- 

45 strates for the production of triacylglycerol is characterized 
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e.g. by the prevention of acctumilation of undesirable fatter 
acids in the menibrane lipids. 

In a different embodiment, this invention also relates co 
S methods of using a DNA sequence coding for a TEP for increasing 
the oil-content within the cells of different organisms - 

Further, the invention makes possible a process for elevating 
the production of triacylglycerol ^ which comprises growing 
2.0 transgenic cells or organisms under conditions whereby the 
nucleotide sequence SEQ-XD Noj 1 is expressed in order to 
produce an protein in these cells with the ability of enhancing 
the production of cr iacyl glycerol - 

15 Corresponding genes coding for TEP can be isolated from other 
organisms/ especially yeast-type organisms^ like e-g. 

Schisosaccharomyees pombe, Yarrowia lipolytica, 
Zygosaccharomyces rouxii, Saccharomyces eerevisiae, Emericella 
20 nidulans and Debaryomyces hansenii. 

Transgenic organisms comprising, in their genome or on a plasmid^ 
a nucleic acid sequence SEQ ID No:l according to the above, 
transferred^ by recomlblnant XSNk technology. One important type of 
25 .transgenic organism covered by this Invention are commercially 
relevant plants in which said nucleotide sequence preferably 
would be expressed under the control of a storage organ specific 
promoter. Alternatively, the nucleotide sequence could also be 
' . expressed under-.^the. control of a -seed-specif ic promoter- or.-any 
30 other promoter suitable for tissue-specific high-level escpression 
in. plants. 

A protein encoded by a DNA molecule according to SEQ IB NO. 1 
or a functional biologically active fragment thereof having TEP 
35 activity in transgenic organisms. Alternatively, the protein 
produced in an organism, which has the amino acid sequence set 
forth in. SEQ ID NO, 2 or an amino acid sequence with at least 
60 % homology to said amino acid sequence having TBP activity- 
Preferably the protein is isolated from ^accharomyves cerevisiae. 

40 

Use of a protein according to SEQ ID No-- 2 or derivatives of 
that protein having TEP activity for the increased production of 
triacylglycerols . 

A5 Surprisingly^ it has been found that the heterologous expression 
of the yeast TBP from Saccharomyces cerevisiae SEQ ID WO: 1 in 
Arabidqpsis leads to a significantly increased triacylglyceride 
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(storage oils) content in the seeds- The oil content was in- 
creased by approximately 5%\, in one transgenic line even by 10%, 
Goxnparecl witb wild-type control plants. The transgenic esQpression 
of tbe yeast TEP had no adverse effects on the growth or other 
5 properties of the transfonaed plants. 

The method according to the invention can be applied in principle 
to all plant species, in addition to the species Airahld^^psls 
tbsill&na, which is employed as model plant. The menhod according 
10 to the invention is preferably applied to oil crops whose oil 
content is already naturally high and/or for the industrial 
production of oils. 

'JPlant* organism* or . tissue, organ, part, cell or propagation 

15 material thereof is. generally understood as meaning any single— 
or multi-celled organism or a cell, tissue, part or propagation 
material (such as seeds or fruit) of same which is capable o£ 
photosynthesis. Included for the purpose of the invention ar-e 
all genera and species of higher and lower plants of the Plant 

20 Kingdom. Annual , perennial « monocotyledonous and dicotyledonous 
plants are preferred. Also included are mature plants, seeds, 
shoots and seedlings^ and parts, propagation material (for 
example tubors^ seeds or fruits) and cultures derived from 
them, for example, cell cultures or callus cultures. 

25 , ....... 

^Planf encompasses .all annual and perennial monocotyldedonous or 
dicotyledonous plants and includes by way of e^eample* but not by 
limitation, those of the genera Cucurbitai Rosa, Vitis, Juglans, 

• Tragaria; Lotus; Medicago; -i^nobrychis/ Trif ol-ium,- -«Prigonella, — - . 

30 Vigna, Citrus, Linum, Geranium, Manihot, Daucus, Arabidopsis, 
Brassica, Raphanus, Sinapis, Atropa, Capsicum, Datura, Hyos- 
cyamus, Lycopersicon, Nicotlana, Solarium, Petunia, Digitalis « 
Majorana, cichorium, Helianthus, Lactuca, Bromus, Asparagus # 
Antirrhin-om, Heterocallis, ^Temesis, Pelargonium, Panieum. ^ 

35 Pennisetum, Ranimculus, Senecio, Salpiglossis, Cucumis,' Bro- 
waalia. Glycine, Plsum, Phaseolus, Lolium, Oryza^ Zea, Avena, 
Hordeum, Secale^ Triticum, Sorghum, Picea and Populus. 

Preferred plants are those from the following plant families: 
40 Amaranthaceae, Asteraceae, Brassicaceae, Carophyllaceae , Cheno- 
podiaceae, Composinas, Cruci ferae, Cucurbitaoeae , Labiatae, 
Leguminosae, Papilionoideae, Liliaceae, Linaceae, Malvaceae, 
Rosaceae, Rubiaceae, Saxifragaceae, Scrophulariaceae , Solanaceae, 
Sterculiaceae, Tetragoniaceaej Theaceae/ Uxnbelliferae. 
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Preferred monocotyledonous plants are selected in particular * ! 
from the monocotyledonous crop plants such as, for exaiaple, the 
Gramineae family, such as rice, maize, wheat or other cereal i 
species such as barley, millet atid sorghum, rye, triticaXe or 
5 oats, and sugar cane, and all grass species. . 

The invention is applied very particularly preferably to 

dicotyledonous plant organisms. Preferred dicotyledonous I 
plants are selected in particular from the dicotyledonous 
10 crop plants such as, for example, 

Asteraceae such as Heliantus annuus (sixnf lower) , tagetes 
or calendula and others, 

X5 - Compositae, especially the genus Lactuea, very particularly 
the species sativa (lettuce) and others, 

Cruciferae,' particularly the genus Braseica^ very particu- 
larly the species napus (oilseed rape), campestris (beet), 
20 oleracea cv Tastie (cabbage) , oleracea cv Snowball Y (cauli- 

flower) and oleracea cv Ercqperor (broccoli) and other cab- 
bages; and the genus Arabidopsis, very particularly the 
species thaliana, and cress or canola and others, 

25 - Cucurbitaceae such as melon, pumpkin/s^ash or zucchini 
and others, 

- Leguminosae, particularly the genus Glycine, very 
- j>articularly the- species max .^Xsoybean) ,r soya? rand -alfalfa; 

30 pea, beans or peanut and others, 

- Rubiaceae, preferably the subclass Laicdidae such as, for 
^ example Coffea arabica or Coffea liberica (coffee bush) 

and others, 

35 

- Solanaceae, particularly the genus Lycopersicon, very 
particularly the species esculentum (tomato) , the genus 
Solaniam, very particularly the species tuberosum (potato) 
and melongena (aubergine) and the genus Capsicum, very 

40 particularly the genus annuum (pepper) axid tobacco or 
paprika and others, 

Sterculiaceae, preferably the subclass Dilleniidae such as« 
for example, Theobroma oacao (cacao bush) and others, 

45 
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Theaceae, preferably che s-ubclasa Dilleniidae such as, for 
example, Caiaellia sineaasis or Thea sinensis (tea shrub) and 
others, 

Unibelliferae^ particularly the getms Daucus (very 
particularly the species carota (carrot) ) and Apiuia 
(very particularly the species graveolens dulce (celeary) ) 
and others; 

10 and linseed, cotton, hemp, flax, eucuniber, spinach, carroc, 
sugar beet and the various tree, nut and grapevine species, 
in particular banana and kiwi fruit. 

Also encompassed are ornamental plants, useful or ornamental 

15 trees, flowers, cut flowers, shrubs or turf plants which 

may be mentioned by way of example but not by limitation are 
angiospemis, bryophytes such as, for example, Hepaticae (liver- 
worts) and Musci (mosses); pteridophytes such as ferns, horsetail 
and clubmosses; gymnosperias such as conifers, cycades, ginkgo 

20 and Gnetafcae; algae such as Chlorophyceae ^ Phaeophpyceae, Rhodo- 
phyceae, Myxophyc.eae, Xanthophyceae, Bacillariophyceae (diatoms) 
and Euglenophyceae - Planrs within the scope of the invention 
comprise by way of example and not by way of limitation, the 
. families of the Ros?ieeae such as rose, Ericaceae such as rhodo- 

25 dendron and. azalea, Euphorbiaceae such as poinsettias and croton, 
Caryophyllaceae such as .pinks, Solanaceae such as petunias, 
Gesneriaceae such as African violet, Balsaminaceae such as touch- 
me-not, Orchidaceae such as orchids, Iridaceae such as gladioli, 
-^■iriST freesia and crocus," Gompositae such as marigolds Geranias-. .-...-r.'^.. 

30 oeae such as geranium, Hiiliaceae such as dracena, Moraceae such 
as ficus, Araceae such as cheeseplant and many others. 

Purthewnorev plant organisms for the purposes of the invention 
are further organisms capable of being photosynthetically active 
35 such as, for example, algae ^ cyanobacteria and mosses. Preferred 
algae are green algae such as. for exan^le, algae from the genus 
Haematococcus , Phaedactylum tricomatum, Volvox or Dunaliella. 
Synechocystis is particularly preferred. 

^0 Most preferred are oil crops. Oil crops are understood as being 
plants whose oil content is already naturally high and/or which 
can be used for the industrial production of oils. These plants 
can have a high oil concent and/or else a particular fatty acid 
composition which is of interest industrially. Preferred plants 

45 are those with a lipid content of at least 1% by weight. Oil 
crops encompass^ by way of example; Borvago officinalis 
(borage) ; Brassica species such as B« caiqpestris, 3. napus. 
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S. rajpa (mustard, oilseed rape or turnip rape) ; Cannahls sativa 
(hemp) ; Carchamus zinctarlus (saf flower) ; Cocos nuclfersi (coco- 
nut) ; Crambe alayasinxca (crambe); Cuphea spanless (Cuphea species 
yield fatty acids of medium chain lengtli, in particular for 
5 industrial applications) ? Slaels guinenals (African oil palm) ; 
Klaais oleijfera (American oil palm) ; Glyaina max (soybean) ; 
Gassypium hirxsutfvm (American cotton) j Gossypivm bartedense 
(Egyptian cotton) ; Gassyplvm iierJbaceum (Asian cocton) ; HGllsnthus 
annuus (sunflower) ; Llnum usitanlssimum (linseed or flax) ? Oe^io- 
10 thera hl&anis (evening primrose) ; OJLea earopaea (olive) ; Oryza 
sativa (rice) ; Rialnus comaamxs (castor) j Sesamum indicum 
(sesame) ; Tx±ti<:::u2n species (wheat) ; Zea mays (maize) , and 
various nut species such as, for exanrple, walnut or almond- 

15 -"Total oil content refers to the sum of all oils^ preferably 
CO nhe sum of the triacylglycerides . 

"Oils" encompasses neutral and/or polar lipids and mixtures 
of these. Those mentioned in Table 1 may be mentioned by way 
20 of e3taiiffi»lei but not hy limitation. 
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Table 1: Classes of plant lipids 



Neatra:le liipids 


Triacylglycerol (TAG) 




Diacylglycerol (DAG) 




Mbnoacylsflycerol (lyiAG) 






Polar lipids 


Monogalac tosyldi acyl glyc er o 1 ( MGDQ ) 




Digalactosyldiaoylglycerol -(OGJ^C?) * . 




Phosphatidylglycerol (PG) 




Phosphatidylcholine (PC ) 




Phosphatidylethanolamine ( PE) 




Phosphafcidylinositol (PI ) 




Phosphatidylserine ( PS) 




Sulf oguinovosyldiaeylglycerol 



Neutral lipids preferably refers to triacylglycerides. 
Both neutral and polar lipids may comprise a wide range 
of various fatty acids. The fatty acids mentiojied in Table 2 
*0 may be mentioned by way of example, but not by limitation. 



45 
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Table 2: Overview over vai-ious fatty acids (selection) 
1 Oiain leacrth: number of double bonds 
* not naturally occurring in planes 



IS 



Nomenclature^ 


Name 


16 lO 


Palmitiis acid 


16:1 


Palmitoleic acid 


lfi:3 


Roughatiic acid 


18:0 


Stearic acid 


18:1 


Oleic acid 


18:2 


Llnoleic acid 


18r3 


Linolexiic acid 


V-18:3'18 : 3 


Gamma-linolenic acid * 


' 20 :0 


Arachidie acid 


22:6 


Docosahexaenoic acid (DHA.) * 


20:2 


Eieosadienoic acid 


20:4 


Araclxidonic acid (AA) * 


20:5 


Eicosapentaenoic acid (EPA) * 


22:1 


Eruclc acid 
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Oils preferably relates to seed oils. 

"Increase in" ' the total oil content refers to the increased 
oil content in* a. plant or a part, tissue or organ thereof, 

35 preferably* in- the seed organs of the plants* In this conizexc, the 
oil content: is at least 5%. preferably at least 10%, particularly 
preferably at least 15%^ very particularly preferably at least 
20%^ roost preferably at least 25% increased under otherwise 
•^idetitieal conditions -in '^compar-ison- with a star ting..planfc> -which . . 

30 has not been subjected to the toethod according to the invention, 
but is otherwise unmodified. Conditions in this context: means 
all of the conditions which are relevant for gemxina tion , 
culture or growth of the plant, such^as soil conditions^ climatic 
conditions, light conditions, f ertilization/ irrigation, plant 

35 protection treatment and the like. 



''Yeast TEP"' generally refers to all those proteins which are 
capable of increasing the oil content in oil producing organims, 
especially microorganisms « yeast, fungi and plants and are 
40 identical to SEQ ID No; 2 or have homology to SBQ ID No: 2. 

Yeast refers to the group of unicellular fungi with a pronounced 
cell wall and formation of pseudomycelium (in contrast to molds) . 
They reproduce vogetatively by budding and/or fission (Schizo- 
<fiS saccharomyces and Saccharomycodes, respectively) . 
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Encompassed are what are kno\im as false yeasts, preferably tlxe 
families Cryptococcaceae, Spoxoboloitiyeetaceae with the genera 
Cryptococcus , Torulopsis, t»ityrosporum, Brettanomyces, Candida^ 
Kloeckera, Trigonopsis, Trichosporon, Rhodotorula and Sporobolo- 
5 nr/ces and Bullera, and true yeasts (yeasts which also reproduce 
sexually; ascus) , preferably the families endo- and saccharo- 
laycetaceae, with the genera Saccharomyces , Debaromyces, Lipo- 
myces, Hansenula, Endomycopsis, Pichia, Hanseniaspora. Most 
preferred are the genera Saccharomyces cerevisiae, Pichia 
10 pastoris, Hansenula polvro*=»i=Pha< Schizosaccharomyces pombe, 
Kluyveromyces lactis, Zygosaccharomyces rouacii, und Yarrowia 
lipolicica, Emericella nidulans, Aspergillus nidulans, Debaryo- 
myces hansenii and Torulaspora hansenii* 

15 Yeast TEP refers in particular to the polypeptide set^enee 
SBQ ID No. 2, 

Most preferably, yeast TEP refers to the yeast protein TEP 
* as. shown in SEQ ID NO: 2 and functional equivalents or else 
20 functionally equivalent portions of the above. 

Functional ec5piivalent:s refers in particular to natural or 
artificial mutations of the yeast protein TEP as shown in 
SEQ ID ^JO: 2.and homologous polypeptides from other yeasts which 
25 have the same* essential characteristics of a yeast TEP as defined 
above • Mutations ..encompass 5\abstitucions, additions, deletions, 
inversions or insertions of one or more amino acid residues - 

" " '<«The"yeaat'^TEF itb be" emp scope, of ^ 

30 the present invention can be found readily by database searches 
or by screening gene or cDMA libraries using the yeast TEP 
sequence shown in SBQ ID WO: 2, which is given by way of example, 
or the nucleic acid seqiience as shown in SEQ ID NO: 1, which 
encodes the latter, as search sequence or probe. 
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said functional equivalents preferably have at least 60%, 
particularly preferably at least 70%, particularly preferably 
at least 80%, most preferably at least 90% homology with the 
protein of SEQ ID NO: 2. 
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Homology between two polypeptides is understood as meaning the . 
identity of the amino acid sequence over the entire sequence 
length which is calculated by comparison with the aid of the 
program algorithm GAP (Wisconsin Package Version 10.0, University 
4S of Wisconsin, Genetics Computer Group (GCG) , Madison, USA) , 
setting the following parameters: 



S3 bxwo ab dsba 



r 
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Gap Weight: 8 Length Weights 2 ' " 

Average Match: 2.912 Average Misniatcht -2,003 

S For example, a sequence with at least 80% hcanology with the 
sectuenee SBQ ID NO.- 2 at the protein level is vmderstood as 
meaning a sequence which, upon comparison with the se«juenee 
SEQ ID WO: 2 with the above program algorithm and the above 
parameter set has at least 80% homology. 

10 

Functional etjuivalenta also encompass those proteins which 
are encoded by nucleic acid sequences which have at least S0%, 
particularly preferably at least 70%, particularly preferably' 
at least 80%, most preferably at least 90% homology with the 
IS nucleic acid sequexuse with the SBQ XD NO: 1. 

Hematology .between two nucleic acid sequences is understood as 
meaning the identity of the two nucleic acid sequences over the 
entire setiuence length which is calculated by comparison with the 
20 aid of the program algorithm GAP (Wisconsin Package Version 10. o, 
University of Wisconsin, Genetics Computer Group (GCG) , M&dison, ' 
USA) , setting the following parameters s . ' .. 

Gap Weight: 50 Length Weight: 3 

. Average Match: 10 Average istLsmatchrO 

For example, a. sequence which has at least 80% homology with the 

"""sequ^^ acid level is-understood • • .... 

30 as meaning a secjuenee which, upon comparison with the sequence 
SBQ ID KTO: 1 within the ahove prograsn algorithm with the above 
parameter set hais a homology of at least 80%. 

Functional equivalents also encompass chose proteins whiczh v 
35 are encoded by nucleic acid sequences which hybridize under 
standard conditions with a nucleic acid sequence described by 
SEQ ID NO: 1, the nucleic acid sequence which is complementary 
thereto or parts of the above and which have the essential 
characteristics for a yeast TEP. 

"Standard hybridization conditions^ is to be understood in the 
broad sense, but preferably refers to stringent hybridization 
conditions. Such hybridization cotiditlons are described^ for 
example, by Sambrook CT, Pritsch EF, Mtoiatis T et al./ in Mole- 
45 cular Cloning (A Laboratory Manual) , 2^^ edition^ Cold Spring 
Harbor LaO^oratory Press, 1989, pages 9.31-9.57) or in Current 
Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989)/ 
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6.3.1-6,3.6- For exianiple, the conditions during the wa'sii step can 
be selected from the range of high-stringency conditions (with 
approximately 0.2X SSC at SO-^C, preferably at SS^C) (20X SSC: 
0.3 M sodium citrate. 3 M NaCl, pH 7.0). Denaturing agents such 
5 as, for example, formamide or SDS may also be employed during 
hybridization. Xn the pres^ce of 50% formaxalde^ hybz-idization 
is preferably cairried out at 42^C. 

The invention furthermore relates to transgenic expression 
10 constructs which can ensure a transgenic expression of a 

yeasc TEP in a plant organism or' a tissue, organ, part, cells 
or propagation material of said plant organism. 

The definition given above applies to yeast TEP, with the 
lES transgenic expression of a yeast TEP described by the sequence 
with the SEQ ID NO: 2 being particularly preferred. 

In said transgenic expression constructs, a nucleic acid molecule 
encoding a yeast TEP is preferably in operable linkage with ac 
30 lease one genetic control element (for example a promctier) which 
ensures egression in a plant organism or a tissue, organ, part, 
cell or propagation material of same. 

* Especially preferred are transgenic expression cassettes wherein 
25 the nuci^ic acid' setjuence encoding a TEP is described by 

a) a sequence with the SEQ ID NO: 1, 

Td) a ^seguenc^* derived" from '^^ a— sequence -with the SBQ-I-D JSIOr-'-l— in' • 
30 accordance with the degeneracy of the genetic code 

c) a sequence which has at least 60% identity with the sequence 
with the SEQ ID NO: 1. 

35 Operable linkage is understood as meaning, for exan^le, the 
secguential arrangement of a promoter with the nucleic acid 
sequence encoding a yeast TEP which is to be expressed 
(for example the sequence as shovn in SEQ ID NO: 1 and, if 
appropriate, further regulatory elements such as, for example, 

AO a terminator in such a way that each of the regulatory elements 
can fulfil its function when the nucleic acid sequence is 
expressed recombinantly. Direct linkage in the chemical sense 
is not necessarily required for this purpose. Genetic control 
sequences such as, for example, enhancer sequences can also exert 

6S their function on the target sequence from positions which are 
further removed or indeed from other DNA molecules. Preferred 
arrangements are those in which the nucleic acid sequence to be 
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expressed recombinantly is positioned behind rhe sequen.=e acting ' 
as promoter so that the two sequences are linked co^J^ntly t^ 

5 l^ss :Lr20o'b^"='-'° reco»blnantly is preferLly 

lorv,^?^ ^^"'^^'='^^^1^ preferably leas than 

pairs ''"'^ particularly preferably less than SO base 

10 brSi;/^^^^ ^ transgenic expression cassette can both 
10 be effected by »eans of conventional recoxt^ination and cloui^ 
technxgues as they are described, for example, in M^iatisT^ 

^ual cold spring Harbor Laboratory, Cold Spring Harbor 
« Silhayy TJ, Benaan ML «nd Enguist LW (1984) E^eriments with 
^-=^ons cold spring Harbor Laboratory, Cold Spring HaSor 
LZl' ^".f ^"^^^ i^987, curre.^ Protocols in Llecu^L 

Bxology, Greene Publishing Assoc. and Wiley Interscience and in 
Gelvxn et al. (1930) Xn. Plant Mblecular Biology Manual. However, 
=o tr «^^^es which, for example, act as a linker with 

^"-^^^^^^ "tes for restriction en^ya^es, or of a signal 
peptide, ^ay also be positioned between the two sequences. Sso. 
the insertion of sequences may lead to the egression of fusion 
proteins. Preferably, the expression cassette composed of a 
pron^ter linked" to a nucleic acid sequence to be expressed can 
as be in a vector^integrated form and can be inserted into a plant 
genome, for example hy trans f OKtnat ion < 



However, a transgenic expression cassette is also understood as 

'TT'^t~^Z^^^°'^-^'''^^^'''^^^^^^ encoding 
a yeast TBP xs placed behind an endogenous plant pronu^cer in such' 
a way chat the latter brings about the expression of t^fy^Lt 



Promoters which are "preferably introduced into the transgenic 
35 expression cassettes are those which are operable in a plant 
organism or a tissue, organ, part, cell or propagation material 
of same. Promoters which are operable in plant organisms is 
underscood as meaning any promoter which is capable of governing 
the expression of genes, in particular foreign genes, in plants 
40 or plant parts, plant cells, plant tissues or plant cultures 
In this context, expression may be, for example, constitutive, 
inducible or development-dependent. 
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The following are preferred: 

a) Constitutive promoters 

5 "Constitutive'' promoters refers zo those promoters which, 

ensure expression in a large nuiober of, preferably all, 
tissues over a substantial period of plant development, 
preferably at all titties during plant development (Benf ey 
et al.(1989) BlSffiO J 8:2195-2202)- A plant promoter or 

10 promoter originating from a plant virus is especially 

preferably used. The promoter of the CalHTV (cauliflower mosaic 
virus) 35S transcript (Franck et al. (19S0) Cell 21;285-294r 
Odell et al. (1985) Nature 313:810-812; Shewiaker et al, 
(198S) Virology 140:281-288; Gardner et al. (1986) Plant 

15 Mol Biol 6:221- 228) or the 19S CaW promoter (US 5,352,605; 

WO 84/02913; Benfey et al . (1989) EMBO J 8 :2195--2202) are 
especially preferred. Another suitable constitutive promoter 
is the Rubisco small subunit (SSU) promoter (US 4,962,028), 
' the legiminB promoter (GenBank Acc. No, X03677), the promoter 

20 of the nopalin synthase from Agrobacterium, the TR dual pro- 

moter, the OCS (octopine synthase) promoter from Agrobacte- 
rium, the ubiguitin promoter (Holtorf S et al. (1995) Plant 
Moi Biol 29:637-649) , the ubiquitin 1 promoter (Christensen 
' et'ai-. (1992) Plant Mol Biol 18:675-689; Bruce et al. (1989) 

25 Proc" Mat 1" Acad Sci USA 86:9692-9696). the Smas promoter; 

the cinnamyl alcohol dehydrogenase promoter (US 5,683,439), 
" the promoters ■ o£ the vacuolar ATOase subunits, the promoter 
of the Arabidopsis thaliana nitrilase-l gene (GenBank Acc. 

,..._.^o. :-U38S46. ■ nucleotides .-3862. to 5325. or. else.:S342J...or...the . 

30 promoter of a proline-rich protein from wheat (WD 91/13991) , 

and' further promoters of genes whose constitutive e^epression 
in plants is known to the skilled worker. The CaMV 35S pro- 
moter and th^ Arabidopsis thaliana nitrilase-1 promoter are 
particularly preferred. 



35 



b) Tissue-specific promoters 
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Furthermore preferred are promoters with specificities 
• for seeds, such as, for example, the phaseolin promoter 
(US 5,504,200; Bustos MM et al. (1989) Plant Cell 
1(9) -839-53) , the promoter of the 2S albumin gene 
(Josiffson liG et al. (1987) J Biol Chem 262:12196- 12201), 
the legumine promoter (Shirsat A et al. (1989) Mol Gen Genet 
215(2) : 326-331) / the USP (unknovna seed protein) promoter 
45 (Baumlein H et al. (1991) Ifol Gen Genet 225 (3) : 459-67) , the 

napin gene promoter (US 5,608,152? Stalberg K et al. (1996) 
L Planta 199:515-519), the promoter of the sucrose binding 
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proteins {WO 00/2638S)or the legumin B4 promoter (LeB4; 

M^^J; « ! 2(2) ,233-9, Fiedler U et al. 

(199S) Biotechnology (NY) 13 (10) :1090£) , the Arabidopsis 
oleosxn promoter (WO 98/45461) , and the Brassica Bce4 
promoter (WO 91/13980) . 

Further suitable seed-specific promoters are those of the 
gene encoding high-molecular weight glutenin (HMW6) . gliadin, 
branching enyzme, ADP glucose pyrophosphatase (AGPase) or 
starch synthase. Promoters which are furthermore preferred 
are thos^ which permit a seed-specific expression ixx monoeots 
such as maize, barley, wheat, rye, rice and the like. The 
promoter of the lpt2 or Iptl gene (WO 95/15389, WO 95/23230) 
or the promoters described in WO 99/16890 (promoters of 
the hordein gene, the glutelin gene, the oryzin gene 
the prolamin gene, the glladin gene, the glutelin gene, 
the 2ein gene, the easirin gene or the secalin gene) can 
advantageously be employed. 

e) Chemically inducible promoters 



25 



The expression cassettes may also contain a chemically 
. inducible promoter (review article: Gata et al. (1997) 
Annu Rev Plant Physiol Plant Mol Biol 48:89-108). by means 
- of which the expression of the exogenous gene in the plant 
. - can be. controlled at a particular point in time. Such 
promoters such as, for example, the PRPa promoter (Ward 

.alv.-(.l?-93),^ ?l^t,,Mol_Biol 22 ; 3 61-3.6.6.) , . a. salicylic acid- 
30 inducible promoter (WO 95/19443), a b^2^esulf onamide-in- 

. ducible promoter (EP 0 388 186) , a tetraeyclin-inducxble 
promoter (Gatz et al. (1992) Plant J 2:397-404), an abscisic 
acid-lnducible promoter EP 0 335 528) or an ethanol-cyclo- 
heaeanone-inducible promoter (WO 93/21334) can likewise be 
35 used.- Also suitable is the promoter of the glutathione-s 

transferase isaform II gene (GST-li-27), which can be 
activated by exogenously applied safeners such as, for 
example, N.M-diaHyl"2,2-diohloroacetamide (WO 93/01294) 
and which is operable in a large number of tissues of both 
40 monocots and dicots. 

Particularly preferred are constitutive promoters, very 
particularly preferred seed-specific promoters, in particular 
the napin promoter and the USP promoter. 

45 
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In adddtion, further prcmbters which make possible expression in 
further plant tissues or in other organisias such as^ for example, 
E.coli bacteria, may be linked operably with the nucleic acid 
sequence to be eicpressed. Suitable plant promoters are, in 
5 principle, all of the above-described promoters. 

The nucleic acid sequences present in the transgenic expression 
cassettes according to the invention or transgenic vectors 
can be linked operably with further genetic control sequences 

310 besides a promoter- The term genetic control sequences is to be 
understood in the broad sense and refers to all those sequences 
which have an. effect on the establishment or the function of the 
expression cassette according to the invention. Genetic control 
sequences modify, for example, transcription and translation in 

15 prokaryotic • or- eukaryotic organisms. The transgenic expression 
cassettes according to the invention preferably encompass a 
plane-specific promoter 5 "-upstream of the nucleic acid sequence 
to be expressed recombinantly in each case and, as additional 
genetic control sequence ^ a terminator sequence 3 ' -dovmstream, 

aiO and, if appropriate, further customary regulatory elements, in 
each case linked operably with the nucleic acid sequence to be 
expressed recombinantly. 

Genetic control . sequences also encompass further promoters, 
2S promoter / elements or minimal promoters capable of modifying 
the e>cpression-controlling properties. Thus, genetic, control 
• sequences . can,., for example, bring about tissue-specific 
eiiipression which is additionally dependent on certain stress 
.factors. Such elements,^ axe - ,^f^^^^ described for water 

30 stress, abscisie acid (Lam B anil Chua NH, J Biol Chem 1991; 
266(26): 17131 -17135) and thermal stress (Schoffl P et al- 
(1989) Mol Gen Genetics 217 (2-3) :246-53) • 

Further advantageous control ^sequences are, for example, in the 
3S Gram-positive promoters amy and SP02, and in the yeast or fungal 
promotors ABCl, MFa, AC, P-60, CYCl, GABDH, TEF, rp28, ADH. 

In principle all natural promoters with their regulatory 
setjuenees like those mentioned above may be used for the method 
^0 according to the invention. In addition, synthetic promoters may 
also be uaed advantageously. 

Genetic control sequences further also encompass the 5 '-untrans- 
lated regions, introns or nonenccding 3 '-region of genes, such 
^5 as, for example, the aetin-1 intron, or the Adhl-S intron 1, 2 
and 6 (for general reference, see: The Maize Handbook, Chapter 
116, Freeling and Walbot, Eds., Springer, New York (1994)). it 
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has been demonstraced that these may play a significant role in 
regulating gene expression. Thus, it has been demonstrated that 
B'-mitranslated sequences can enhance the transient expression of 
heterologous genes. Translation enhancers which may be mentioned 
S by way of example are the tobacco mosaic virus S' leader setjuenee 
(Qallie et al. (1987) Nticl Acids Res 15:8693-8711) and the like 
They may furtheimore promote tissue specificity (Rouster J et al 
(1998) Plant J 15:435-440) . 

10 The transient expression cassette can advantageously contain 
one or more of vfliat are known as enhancer sequences in operable 
linkage with the promoter, and these make possible an increased 
recombinant expression of Che nucleic, acid sequence. Additional 
advantageous sequences such as further regulatory elements or 

15 tewnxnators xnay also be inserted ac the 3' end of che nucleic 
acid sequences to be expressed recombinant ly. One or more copies 
of the nucleic acid sequences to be expressed recombinanly may be 
present in the gene construct. 

20 Polyadenylation signals which are suitable as control sequences 
are plant polyadenylation signals, preferably those which 
correspond essentially to Agrobacterium tumaf aciens T-DNA poly- 
adenylation signals, in parcicular those of gene 3 o£ the T-EasA 
(octopine' synthase^ -of the Ti plasmid pTiACHS (Gielen et al. 

as (1984): BMBO'J 3:835 efseq.) or functional equivalenrs thereof 

Examples -of -particularly suitable terminator sequences are the 
OCS (octopin syrith&se) • terminator and the NOS (nopaXine synthase) 
terminator. 



30 Control sequences are furthermore understood as those which inake 
possible homologous recombination or insertion into the genome 
of a host organism, or removal from the genome- In the case o£ 
homologous recombination, for example, the coding secjuence of the 
specific endogenous gene can be exc'hanged in a directed fashion 

35 for a secpience encoding a dsRNA^ Methods such as the ere/lox 
technology permit the tissue-specific, possibly inducible, 
removal of the expression cassette from the genome of the host 
organism {Sauer B (1998) Methods. 14 (4) :381-92) . Here, certain 
flanking sequences are added to the target gene (lox sequences), 

40 and these make possible removal by means of ere recombinase at 
a later point in time. 



A recombinant expression eassente and the recombinant vectors 
derived from it may comprise further functional elements. 
«5 The term functional element is to be understood in the broad 
sense and refers to all those elements which have an effect on 
generation, replication or function of the esgoression cassettes. 
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vectors or' transgenic organisms' according to the invention. 
Escamples which may be mentioned, but not by way of lixndLtation, 
are: 

S a) Selection markers which confer resistance to a laetabolism 

inhibitor such as 2-deo3cyglucose-6-phosphare (WO 9S/4S456) ^ 
antibiotics or biocides^ preferably herbicides, such, as, 
for example, keinamycin, G 418 « bleomycin/ hygromycin^ or 
phosph nothricin and the like* Particularly preferred 

10 selection markers are those which confer resistance to herbi- 

cides. The following may be mentioned by way of example: DNA 
sequences which encode phosphinothricin acetyltransf erases 
(PAT) and which inactivate glutaiaine synthase inhibitors (bar 
and pac gene) \ 5 *enolpyruvylshikimate~3 -phosphate synthase 

15 genes (BFSP synthase genes) , which confer resistance to 

Glyphosate (N- (phosphonomethyl) glycine) ^ the gox gene* 
which encodes Glyphosate-degrading enzyme (Glyphosate 
oxidoreductasfe) , the deh gene (encoding a dehalogenase 
which 'inactivates dalapon) , sulfonylurea- and imidazolinone- 

20 * -dnadtivating acetolactate synthases, and bxn genes which 

encode nitrilase enzymes which degrade bromoxynil, the aasa 
gene, which confers resistance to the antibiotic apectino- 
inycinv the streptomycin phosphotransferase (SPT) gene, which 
" permits' resistance to streptomycin, the neomycin phospho-- 

tfS •* trans iEeraise (NPTII)' gene, which confers resistance to kana- 

mycin or geneti'cidin, the hygromydiu phosphotransferase (HPT) 
* gene> which confers resistance to hygromycin^ the aceto- 
lactate synthase gene (ALS) . which confers resistance to 

... su>f pnylijrea.'herbicid^^ - 

30 with, for example, the S4 and/or Hra mutation) . 

b) Reporter genes which* encode readily quantifiable proteins and 
which allow the transformation efficacy or the e2€pression 
site or time to be assessed via their color or enzyme activ- 

35 ■ ity- Very particularly preferred in this context are reporter 
proteins (Schenborn B, Groskreutz D. Mol Biotechnol. 1999; 
• 13(l):29-44) such as the "green fluorescent protein'' (GFP) 
(Sheen et al. (1995) Plant Journal S (S) : 777-784) , chlor- 
amphenicol transferase, a lucif erase (Ow et al. (19S6) 

40 Science 234;856-859) , the aequorin gene (Praaher et al. 

(1985) Biochem Biophys Res Commun 126 (3) : 1259-1268) , 
fi-galactosidase, with S-glucuronidase being very particularly 
preferred (Jefferson et al- (1987) EMBO J 6:3901-3907). 

4S c) Replication origins which allow replication of the expression 
cassettes or vectors according to the invention in, for 
example, E.coli. Examples which may be mentioned are ORI 
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d) 



orlgxn of dna repli«tioxx) , the pBR322 tex or the PISA ori' • 
(2uid..ock al.; Molecular Cloning. A Laboratory t^ltl 
2r^^d, cold sprinar Harbor Laboratory Press. ColTspri^ 
Harbor, NY, 1989). "-la Jsprxziff 

t^^folT^'* are required for agrobacterWxnedlated plant 

or^bfT^°" '".t ^' "^^^^ border 

Of ttie T-^rasLA, or the vir region. 

""^ reclSj^L"'"^" ""^^ successfully undergone bo:nologous 

?o^ ""^'^ "'^''='^ ^succesfully been trans- 

f'K^ srenerally reguired additionally to introduce a 

selectable marker which confers resistance to a blocide (for 
^ple a herbicide), a n.etabolis«t inhibitor such as 2-deoxy- 

15 glucose-6-phosphate (WO 98/45456) or an antibiotic to the cells 
whach have successfully undergone recombination. The selection 
marker pennits the selection of the transformed cells from 
untra»^f6«ned cells (McCormick et al. (1986) Want Cell Reports 
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In addition, said recombinant expression cassette or vectors 
may coi,5.rise further nucleic acid se^ces which do not encode 
a yeast- TSP and whose recombinant es^resaion leads to a further 
incrjise- in fatty acid biosynthesis. By vray of. exanqple. but 
25 -not ^ limitation, such a proOIL nucleic acid sequence which" " 
. IS- adda-tionally expressed recoinbinantly can- be selected from 
among nucleic acids encoding acetyl-CoA carboxylase (ACCase) 
glycerol-3-phosphate acyltranaferase (GPAT) , lysophosphatidate 
. .^.^ acyltransf erase {LPAT).,. diacylglycerol acyltransferaae . (DAGAT) . 
30 and phospholipid sdiacylglycerol acyl transferase (PDAT) . Such 
sequences are known to the skilled worker and are readily 
accessible from databases or suitable cDKA libraries of the 
respective plants. 

35 An expression cassette according to the invention can advantage- 
ously he introduced into an organism or cells, tissues, organs, 
parts or seeds thereof (preferably into plants or plant cells,' 
tissues, organs, parts or seeds) by using vectors in which the 
recombinant expression cassettes are present. The invention 

40 therefore furthetmore relates to said recombinant vectors which 
encompass a recombinant expression cassette for a yeast TBP. 

For example, vectors may be plasroids. cosmids, phages, viruses 
or else agrobacteria. The expression cassette can be introduced 
45 into the vector (preferably a plasmid vector) via a suitable 
restriction cleavage site. The resulting vector is first intro- 
duced into E.coli. Correctly transformed B.coli are selected. 
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grown," and the recombinant vector is obtained with, mechoda known 
to the skilled worker. Restriction analysis and sequencing may be 
used for verifying the cloning step. Preferred vectors aire chose 
which make possible stable integration of the expression cassette 
5 into the host genome. 

The invention furchermora relates to transgenic plant organisms 
or tissues, organs^ parts, cells or propagation material there- 
of which comprise a yeast TEP as defined above, a transgenic 
10 expression cassette for a yeast TEP or a transgenic vector 
encontpassitig such an expression cassette. 

Such a transgenic plane organism is generated, for example, 

by means of transformation or transfection of the corresponding 

15 proteins or nucleic acids. The generation of a transformed 

organism, (or a transformed cell or tissue) requires introducing 
the DNA in question (for example the expression vector) , KNA or 
protein into the host cell in question. A multiplicity of methods 
•is available for this procedure, which is termed transformation 

20 (or transduction or cransfection) (Keown et al. (1990) Methods in 
Enzymology 185:527-537) - Thus, the DNA or RNA can be introduced 
for exaiw)le directly by microinjection or by bombardment with 
DNA-coated mieropartioles . The cell may also be permeabilized 
• chefaieally, for example with polyethylene glycol-, • so that the DNA 

25 may- reach the cell by diffusion. The UNA can also be introduced 
by protoplast fusion with- other DNA-cainprising units such aa- 
minicells, 6 ells, lyfSosomea or liposomes. Electroporation is a 
further suitable method for introducing DWA; here, the cells are 
permeabilized reversibly by. an .electrical pulse. Soaking, plajit . .... 

30 parts in DNA solutions, and pollen or pollen tube transformation, 
are also possible. Such methods have been described (for example 
in Bilang et al. (1991) Gene 100:247-250,- Scheid et al. (1991) 
Mol Gen Genet 228:104-112; Guerche et al. (1987) Plant Science 
52:111-116; Neuhause et al. (1987) Theor Appl Genet 75:30-36; 

35 Kliin et al. (1987) Nature 337:70-73; Howell et al. (1980) 
•Science 208:1265; Horsch et al.(1985) Science 227:1229-1231; 
DeBlock et al. (1989) Plant Physiology 91:694-701; Methods for 
Plant Molecular Biology (Weissbach and Weissbach, eds.) Academic 
press Inc. (1988); and Methods in Plant Molecular Biology 
AO (Schuler and Zielinski, eds.) Academic Press Inc. (1989)). 

In plants, the methods which have been described for transforming 
and regenerating plants from plant tissues or plant cells are 
eseploited for transient or stable transformation. Suitable 
4,5 methods are, in particular, protoplast transformation by poly- 
ethylene glycol-induced DNA uptake, the biolistic method with 
the gene gun, whai: is known as the particle bombardment method. 
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electroporation. the incubation d'fdry embryos in mjA-containina 
solution, and microind action. 

In addition to these -direct" transformation techniques, trans- 
S formation nay also be effected by bacterial infection by means 
of Agrobaeteriua tumef aeiens or Agrobacteritim rhizogenes and the 
Transfer of corresponding recombinant Ti plasmids or Ri plasiaids 
by infection with transgenic plant viruses. Agrobacterium- 
mediated transformation is beat suited to cells of dicotyledonous 
10 plants, -raie methods are described, for example, in Horsch RB 
et al, (1985) Science 22S: 1229f ) . 

When agrobacteria are used, the expression cassette is to be 
integrated into specific plasmida, either into a shuttle vector 
15 or into a binary vector. If a Ti or Ri plasmid is to be used for 
the transformation, at least the right border, but in most eases 
the right and left border, of the Ti or Ri plasmid T-DNA is 
linked to the expression cassette to be introduced as flanking 
region . 



Binary vectors are preferably used- Binary vectors are capable 
of replication both .in E.ooli and in Agrobaeteriuai. As a rule, 
they contain a selection marker gene and a linker or polylink^r 
flanked by- the right-^and • lef t T-DNA border sequence. They can be • 
35- transformed -directly into Agrobaeterium {Holsters et al. (1978) 
Mbl-Gen Genet • 163-; 18 1-J.87) . The selection marker gene, which is. ' 
for example, the nptll gene, which confers resistance to kanaay- 
cin, permits a selection of transformed agrobacteria. The Agro- 
...... ..bSOterijMS...y^i.e^^^^ organism in this case should already 

30 contain a plasmid with ti^lr±r 'xe^lonr^&^^^ 

for transferring the T-DNA to the plant cells. An Agrobacterium 
transformed in this way can be used for transforming plant cells. 
The use of T-DNA for- the transformation of plant cells has been 
studied intensively and described (Et» 120 516; Hoekema, In: 
3S The Binary Plant Vector System, Of fsetdrukkerij Kanters B_V., 
Alblasserdam, Chapter V; An ec al. (1985) embo J 4:277-287). 
Various binary vectors, some of which are commercially available, 
such as, for exanqple, pBHOl.2 or pBlN19 (Clontech Laboratories, 
Inc. USA), Eure known. 
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Further promoters which are suitable for expression in plants 
have been described (Rogers et al. (1987) Meth in Enzymol 
153:253-277; Schardl et al . (1987) Gene 61:1-11; Berger et al. 
(1989) Proc Natl Acad Sci USA 86:8402-8406). 
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Direct transf ontiation techniques are suitable for any organism 
and cell type. In csases where IflsIA or KNA are injected or electro- 
porated into plant cells, the plasmid used need not meet any 
particular requirements. Simple plasmids such as those from the 
S pUC series may be used. If intact plants are to be reg«ieraced 
from the transformed cells, it is necessary for an additional 
selectable inasrker gene to be present on the plasmid. 

Stably transformed cells, i.e. those which contain the inserted 

10 DNA integrated into the DMA of the host cell, can be selected 
from untransf ormed cells when a selectable marker is part of 
the inserted DNA. By way of example, any gene which is capable 
of conferring resistance to antibiotics or herbicides (such aa 
kanamycin, G 418, bleomycin, hygromyein or phosphinothricin and 

IS the like) is- capable of acting as marker (see above). Tranaformed 
cells which express such a marker gene are capable of surviving 
in the presence of concentrations of such an antibiotic or 
herbicide which kill an untransf ormed wild type. Examples are 
mentioned above and preferably comprise the bar gene, which 

3d confers resistance to the herbicide phosphinothricin (Rathore 
KS et al. (1993) Plant Mol Biol 21 (S) :a71-S84) , the nptll gene, 
which confers resistance to kanamyein, the hpt gene, which 
confers resistance to l^gromyciJi, or the BPSP gene, which confers 
resistance to the herbicide Glyphosate. The selection marker 

25 permits selection of transformed cells from untransf ormed cells 
(MbCoimick et al. (198S) Plant Cell R^orts 5:61-84). The plants 
obtained can be bred and hybridized in the customary manner. Two 
or more generations should be grown in order to ensure that the 

, -...genomic, integration jLa...st^le.^ .... 

30 

The above-described methods are described, for exan^le, in Jenes 
B et al (1993) Techniques for Gene Transfer, in: Transgenic 
Plants, 'vol. I, Engineering and Utilization, edited by SD Kung 
and R Wu, Academic Press, pp-128-143, and in Potrykus (1991) Annu 
35 Rev Plant Physiol Plant Molec Biol 42:205-225). The construct to 
be expressed is preferably cloned into a vector which is suitable 
for transforming Agrobacterium tumefaciens, for example pBa.nl9 
(Bevan et al. (1984) Nucl Acids Res 12:8711f) . 

«0 Once a transformed plant cell has been generated, an intact 

pl^^t cL be Obtained using methods knovn to the skilled worker. 
For example, callus cultures are used as starting mater:Lal. 
The development of shoot and root can be induced i^ x:.i.xs^s 
vet undifferentiated cell biomass in the known fashxon. The 

4,5 plantlets obtained can be planted out and used for breeda.nor. 
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5 (1995) Plane Cell Rep. 14:273-278; Jahne et al. (19941 Th^r>r- J^ti 
Genet 89:525-533. iJ-ss-aj Theor Appl 

-Transgenic-, for exaaiple in the case of a yeast tep, refers 
to a nuclexc acid secjuence, an expression cass^cre or a vecto:r 
10 co».prxsxng said TEP nucleic acid seguanca or co an organism 

transformed with said nucleic acid sequence, expression cassette 
or vector or all those construct, eatabliahed ^ r.aor^^^T'''''' 
methods xn whxch either 



IS a) the nucleic acid secruence encoding a yeast TEP or 
b) 

said nucleic acid sequence under a) 
e) (a) or (b) 
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a ^ w**wwvAj.x4y d y&AS^ Xtil^ or 

a g^etic conrrol sequence, for example a promoter vftcLch is 
functional xn plant • organisms, which is linked operably with 
saxd nuclexc acid seouence under ai 



are not in their natural genetic environment or have been 
aiodxfied by recombinant methods,- it being possible for the- 
2S modification to be, for example, a substitution, addition, 
deletion, inversion or insertion of one or more nucleotide • 
resxdues. Natural genetic environment refers to the natural 
chromosomal locus in the source organism or the presence in 
a genomic library. In the case of a genomic -.library,- the.- . 
30 natural genetic environment of the nucleic acid seouence is 
preferably retained, at least to some extent. Olie ^avironmenc 
flanks the nucleic acid setjuenee at least on one side and has 
a sequence length o^ at least 50 bp, preferably at least 500 bp. 
particularly preferably at least 1000 bp, very particularly 
35 preferably at least 5000 bp. A naturally occurring es^pression 
cassette, for example the naturally occurring combination of 
the promoter of a gene encoding for a yeast TEP with the corre- 
sponding yeast TEP gene, becomes a transgenic expression cassette 
when the latter is modified by non-natural, synthetic ("arti- 
«0 ficial-) methods such as, for example, a mutageniaation . Such 
methods are described (US 5,565,350; WO 00/15815; see also 
above) . 

Host or starting organisms which are preferred as transgenic 
45 organisms are, above all, plants in accordance with the above 
definition. Included for the purposes of the invention are all 
genera and species of higher and lower plants of the Plant 
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Kingdom, in particiaar plants which are used for obtaining oils, 
such as, for example, oilseed rape, sunflower, sesame, safflower, 
olive tree^ soya, maize, wheat and nut species. Furthermore 
included are the macure plants, seed, shoots and seedlin^rs, 
and parts, propagation material and cultures, far example cell 
cultures, derived therefrom. Mature plants refers to plants 
at any desired developmental stage beyond the seedling stage. 
Seedling refers to a young, immature plant at an early develop- 
mental stage. 

The transgenic organisms can be generated with the above- 
described methods for the transformation or transfeetion of 
oirganisms . 

IS The invention furthermore relates to the use of the transgenic 
organisms according to the invention and to the cells, cell 
cultures, parts - such as, for example, in the case of trans- 
genic plant organisms roots, leaves and the like - and transgenic 
propagation material -such as seeds or fruits Which are derived 

20 therefrom for the production of foodstuffs or feedstuffs. pharma- 
ccfuticals or. fine chemicals, in particular oils, fats, fatty 
acids or derivatives of these. 

Besides influencing: the oil content, the transgenic expression 
2S of -a yeast- TEP SEQ ID No: 1 or derivatives thereof in plants may 
mediate yet further advantageous effects such as, for example, 
an increased stress resistance. Such osmotic stress occurs for 
example in saline soils and water and is an increasing problem 
- • - in -agriculture. Increased stress ;j:pl.eranq:e makes it. possible,,-... - . 
30 for example, to use areas in which conventional arable plants 
are not capable of thriving for agricultural usage. 

The invention now having been generally described will be more 
readily understood by reference to the following examples, whxch 
35 are included for the purpose of illustration only, and are not 
intended to limit scope of the present invention. 



Examples 
40 General methods: 



Unless otherwise specified, all chemicals were from Pluka 
(Sachs) , Merck (Darmstadt) , Roth (Karlsruhe) , Serva (Heidel- 
berg) and Sigma (Deisenhof en) . Restriction en:=ymes, 
45 fying enzymes and molecular biological kits were from Amersham- 
Pha^cia^Freiburg) . Biometra (GSttingen, , Roche (M^ei« . 
Sw^gland Biolabs (Schwalbach) . Novagen (Madison, Wisconsin, 
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USA) , Perkin-Eliaer (Weiterstadt ) , Qiagen (Hilden) , Strafcag-exi 
{Axnsterdaai/ Netherlands), Invitrogen (Karlsruhe) and Ambion 
(Cambridgesliire/ Ijbilted Kingdozn) . The reagents used were employed 
in accordance with the manufacturer's instructions. 

5 

For example, oligonucleorides can be synthesized chemically in 
the known manner using the phosphoamidite method (Voet, Voet, 

edition. Wiley Press New York, pages 896-897) • The cloning 
steps carried out for the purposes o£ the present invention 

10 such as. for example, restriction cleavages, agarose gel electro- 
phoreses, purification of DMA fragments, transfer of nucleic 
acids to nitrocellulose and nylon membranes, linking DMA frag- 
ments, transformation of E. coli cells, bacterial cultures, 
multiplication of phages and sequence analysis of recombinant: 

15 ISNKi are carried out as decribed by gambrook et al. (1989) Cold 
Spring Harbor Laboratory Press; ISBN 0-87969-309-6. Recombinant 
DNA molecules were setjuenced using an ABI laser fluorescence DMA 
secjuencer following the method of Sanger (Sanger et al- (1977) 
Proc Natl Acad Sci USA 74:5463-54671 . 
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KXAMPLB 1 

Reduction of triacylglycerol accuxnulation in yeast cells lacking 
the YJR098C gene* ~ . . . . 

25 • 

Yeast strains us^(^ in this study were congenic to the 1W303-1A 

(Thomas & Rothstein. 19B9) background. An YJROBSc mutant strain. 

H1223. with the genotype MATa yjrOBSc: :HIS3 ADE2 can 1-100 
' -^hisS-^U, -^^15. Xeu2-3... .112,, ,j:rpilT^. ura3-l. was, generajted ^a^ 
30 described in Sandager et al.. 2002 « As a wild type control, 

we used the strain SCY62 Miara ADB2 can 1-100 hisS-ll^lS leu2-3^ 

112 vxpl"! ux-aS^l) - 

Yeast cells were cultivated at 30*C on a rotary shaker in liq[uid 
35 synthetic medium (Sherman et al.. 1986) supplemented with 2 % 
(wt/vol) glucose. 

The lipid content of the yeast cells was determined as described 
by Dahlc[vist et al. (2000) and is presented as nmol of fatty acid 
^0 (PA) per mg dry weight yeast. 

The lipid content of a mutant yeast strain H1223. in which the 
YJR098C gene was disrupted, was analyzed and compared to wild 
type yeast cells (strain SCY62) . The lipid content was determined 
45 in yeast cells harvested in stationary phase after 50 hours 
of cultivation in liquid synthetic mediimi at 30**C. Lipids were 
extracted in chloroform, fractionated on TLC and quantified by 
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GC analyses (Dahlqvist ec al,^ 2000). The total lipid content, 
measured as mciol fatty acids (FA) per dry weight yeast, in the 
yjnOBSc mutant yeast was 18% less than in the wild type* see 
taible 1. The main reason for this difference was a lowered TA.G 
5 concent in the VJR098c mutant. Thus^ the triacylglycerol amount 
in the mutant yeast was almost 36 % lower than in the wild type, 
vidiereas the polar lipid content only differed slightly between 
the YJR098 mutant and the wild type yeast, see table 1. 

10 In suitaaary, this experiment shows that the product of the VJtkOSSc 
gene contributes to accumulation in yeast. 

Table 1. Lipid content in yeast disrupted in the yJR098G gene. 
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control yeast 
(nmol FA/mg) 


YCTROSSc ^ mutant 
(nmol FA/mg) 


Sterol enters 


2B 


25 


Triacylglycerol 


180 


116 


Other neutral lipids 


7 


9 


Polar lipidfe 


95 


104 


Total lipids 


311 


255 



EXAMPLE 2 



25 -Jixcreased Accumulation, of triaoylglycerol in yeast cells 
eicpressing- th& yjR09Be gene in combination with a strong 
promoteX' . 

- •'i'Fo^"iiiduded'"high'-iev^^ of - the. YJROdBc ^eHe; a ,2439 -bp 

30 DNA fragment, containing 29 bp tip stream and 442 bp dovm stream 
of the gene, was amplified from wt W303 genomie DMA by using a 
1-1 mixture of ra«j and pfu DSIA polymerases with the 5' primer. 
CTTGTAGAQGTTAACTGGGGA. and the 3' primer, TQAATTGTCCTCGCTGTCAA . 
The resulting PGR product was blunt end cloned into the BamHX 

35 sice of the GAIrl yeast estpression plasmid pUSlO, which is a 
selection marker variant of the GALl yeast expression plasmid 
pCn!J92 (Ronne et al., 1991) thus generating the plasmid pUS30. PUS 
IQ was generated by removing the URA3 selection marker from the 
PJN92 plasmid by HlndllX digestion and replacing it with the HIS2 

40 gene, a 1768 bp DNA fragment that was blunt and cloned into the 
remaining part of the HINDIII digested pJN92. The wild tS^e yeast 
scrain SCYe2 (MATa AI>S2 can 1-100 h±a3-ll.lS leu2-3, 112 Hrpl-l 
ura3-lK was transformed with the pUS30 and cultivated at 28 C 
on a rotary shaker in synthetic mediMm (Sherman et al.. 1986) 

«5 lacking uracil and supplemented with 2 ft (vol/vol) glycerol 
and 2 % (vol/vol) ethanol- The GM.1 promoter was induced after 
6 or 24 hours of growth by the addition of 2 % (wt/vol) final 
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eoncentraclon of galactose. Cells were harvested after aa 
additional 24 hours of growth- Wild type cells SCY62 (WiTa ADE2 

1^100 112 t^l^l ur.3-lj ^^si^L 

With the eapty vector, pUSlO. aad cultivated imder identical 
condxtions were used as a control. The lipid content of the yeast 
cells was determined as described by Dahlqvist et al. (2000) and 
xs presented as nmol of fatty acid (FA) per dry weight yea^ 

The effect of high-level expression of the KXR05Sc gene on lipid 
accumulation was studied by transforming the wild-type yeast 
ITi^r.nZ^'' (Dahlqvist. et al.. 2000) with a plasmid containing 
the YJR093C gene under control o£ the galactose-lnducad GALl 
promotor, see Table 2- High-level expression of the yjR09Bc 
gene from this promoter had no strong effect on the growth rate 
IS as determined by optical density meaaureaents . The expression 
of the YJROaae gene was induced after 6 h {Table 2A) or 24 h 
(Table 2B) and cells were harvested after an additional 24 hours 
of. cultivation. The total lipid content, determined as nmol 
fatty acids (FA) per mg yeast (Dahlqvist et al., 2000) in cells 
ao esqjressing the YJROaaa gene from the QMUX promoter was higher 
both at an early (Table 2A) or late (Table 2B) stationary growth 
.stage as compared to cells transformed with an einpty vector. 
. -Ehe elevated lipid _aantent in cells expressing the YJROSac gene 

from, the SALl .promoter was entirely explained by an increased 
25 TAG content whereas the content of polar lipids and sterol esters 
were unaffected. 

px summary,, the TAG content in yeast cells eaqjressing YJjioaSc in 
corobinatiion with ' a ' strong jiSrorooter was increased with 2€ to 58%- • 
30 as compared to the control (Table 2A and 2 B) , which demonstrates 
the pot^itial of the use of the YJR09Bc gene for increasing the 
oil content in transgenic organisms including yeast. 

as 
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Table 2: Lipid contaat in yeast that expresses the yjR098c2 gene 
in combination with the GALl promoter 





control yeast 
(nmol FA/zog) 


High level of yoROSSc 
expression (laniol FA/ing) 


Sterol esters 


13 


13 


Triacylglycerol 


78 


98 


Other neutral lipids 


9 


9 


Polar lipids 


60 


60 


Total lipids 


160 


180 


B 


control yeast 
(imol FA/mg) 


High level of y«m098c 
expression (nmol FA/mg) 


Sterol esters 


15 


17 


Triacylglycerol 


142 


182 


Other neutral lipids 


9 


11 


Polar lipids 


55 


50 


Total lipids 


221 


260 



3 

30 

Transgenic plants &Ks>x&saiag YJROSSc 

For induced, high Xevel expression of the YJROSSc gene in plants, 
■ a PCR fragment (2409 bp) waa generated toy Che S-'- primer (CTT GTA 
as GAfl GTT AAC TOG GGA) iand the, 3 'primer (TGA ATT GTC CTC GCT GTC 
AA) adding 29 bases upstream of the gene and 442 bases downstream 
of the gene. The gene was cloned into the Smal site of the vector 
pUCllft.thus generating- pus 29. Focr AgrafaacfceriTaji-inediated plant 
" transformation 'a 'hinai^^ including the primarj/ ' c Ion- ' 

30 lag vector PAET7 with a CaM\/35S promoter and a binary paRT27 vec- 
tor <Gleave A,, 1992) were used. The pART? vector with a napin 
promoter is a construct v/here the napin promoter fragment 
(llOlbp) described by Stilberg (1993) replaced the CaMV3SS pro- 
moter from PAR.T7 only loosing the Xhol site of the polylinker in 
3S the process. The YJR098e fragiasnt were cut out from pUS 29 at 
the Xbal and SacI site and then blunted into che pART7 vector 
wich either the CaMV35S promoter, generating pEW 17 or with the 
napin promoter, generating pEW 14. The entire cartridge including 
the promoter, the YJR038C gene and a transcriptional termination 
4,0 region were removed from the pMlT7 vector as a WotI fragment and 
introduced directly to che pART27 vector. The plasmid was trans- 
formed into Agrobaecerlum tumefaelens. 

Using floral dip essentially as described by Clough and Bent, 
45 1998, plants of Arahidopsis cJiallana were transformed with Agaro- 
teccerium fcumelfaciens GVSlOl harboring either of the plasmids 
pEMARTa7-14 and pEmivr27-17. Entire plants (inflorescence and ro- 
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sette) were submerged for 20 to 30 sec in the infiltration xnedia 
consisting of 5% sucrose and 0,02% Silwet L-77 {Osi Specialriea, 
DaidDUsry. CT) plus resuapended transformed Ji. tuine^aciens cells 
Plants were then transferred to a growth chaarber with a photoper- 
5 iod of 16 h of light at 21*c and 8 h of dark at 18»C (70% humid- 
ity) . 



■The seed oil content of T2 plants of the Arabidopsis trans^ 
fonaam:s was analyzed by the use of conventional gas-liquid 
XO chromatography <GLC) . As controls, seeds from wild type plants 
were used- The level of expression of the yjR098c gene in the 
seeds is determined by Northern blot analysis. 

The result of the ifteaaurements for the lines coftpr-ising the 
15 YJROSaa construct showed a significantly higher total oil 

content in transgenic lines compared to che measurements of wild- 
typ& plants. 
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We claim: 



15 



1. A method of increasing tlie total oil content in a plant 
5 organism or a tissue, organ, part, cell or propagation 

material thereof, coinprising 

a) the transgenic expression of a polypeptide SEQ-XD No: 2 
from yeast in said plant organism or in a tissue, organ, 

" part, cell or propagation material thereof, and 

b) the selection of plant organisms in which in contrast 
to or comparison with the starting organism • the total 
oil content in said plant organism or in a tissue, organ, 
part, cell or propagation material thereof is increased. ' 

2. A method as claimed in claim 1, wherein the polypeptide from 
yeast is described by 

^0 a.) a ssccuence with the SEQ ID NO: 2 

b) a functional equivalent of a) with an identity of at 
least 60% of a seqcuence with SEQ ID- NO: 2. 

25 3. A method as claimed in claim 1 or 2, wherein the plant is 
an oil crop* 

4. A method as claimed in claim 1 or 2, wherein the total oil 
content in the Seed bf~'a plant' is increased.- ^ • 

30 

5. A transgenic expression cassette comprising, under the 
control of a promoter wliich is f^anctional in a plant organism 
or a tissue, organ, part ^or cell thereof, a nucleic acid 
sequence SEQ ID No: 1. 

35 

6- A transgenic expression cassette as claimed in claim S, 
wherein the nucleic acid sequence is described by 



40 



a) a sequence with the SEQ XD NO: 1 

b) a sequence derived from a sec[aence with tlie SEQ ID MO: 1. 
in accordance with the degeneracy of the genetic: code 



c) a sequence which has at least £0% identity with the 
45 sequence with the SHQ ID NOr 1. 



Seqa. 
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7. A transgenics expression cassette as claimed in claim 5 osr 6, 
wherein the promocer is a seed-specific promoter. 

8. A transgenic vector comprisincf an eas^retSsLan cassette as 
5 claimed in any of claims 5 to 7. 

9. A transgenic plant organism or t issue ^ organ^ part, cell 
or propagation material thereof, comprising a polypeptide 
as defined in claim 2 or an escpression cassetce as claimed 

10 in any of claims 5 to 7 or a vector as claimed in claim 8, 

10. A transgenic plant organism as claimed in claim 9^ wherein 
the plant organism is selected from the group of the oil 
crops consisting of Borvago officinalis* Brassica campeatris, 

15 Brassica napus, Brassica rapa. Cannabis sativa, Carthamus 

tinctorius^ Cocoa nucifera. Crambe abyssinica^ Cuphea 
species. Elaeis guinensis, Elaeis oleifera, Glycine max, 
Gossypium hirsut-um, Gossypiwm barbadense, Gossypium 
herbaceuju. Helianthus annuus, Linum usitatissimumr Oenothera 

30 biennis, Olea europaea. Oryza sativa. Ricinus communis, 

Sesamim indictim, Tritxeum species. Zea mays, walnut and 
almond. 

11- The use .of a transgenic plant organism or tissue, organ, 
25 part,, cell or * propagation material thereof as claimed in 

eiaim 3 or 10 for the production of oils", "fats, free fatty 
acids or derivatives of the above. 
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Use of a gene for increasing the oil content in plants 
Abstract 

5 

The invention relates to methods for increasing the oil content 
in plants^ preferably in plant seeds ^ by es^ressing a polypeptide 
from yeast • The invention furthexmore relates to expression 
constructs for expressincr the yeast polypeptide in plants. 
10 preferably in plant seeds, the transgenic plants expressing 
the yeast polypeptide and to the use of said transgenic plants 
for the production of food, feeds, seed, pharmaceuticals or 
fine chemicals, in particular for the production of oils. 
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<:210> 1 
<211> 2439 
<212> DMA 

<:213> Saccharomyces cerevisiae 



<:22Q> 

<:221> CDS 

-s222> (30) , . (1994) 



«i400> 1 

ci:tgtagagg ttaactgggg agtattaca atg atg gca act ccg get act gat 53 

istfet Mfet Ala Thr Pro Ala Thr Asp 
1 5 

ctt .att tec .gat a^t.gat aaa tat aac aag eaa tgt ctt tec gat tea 101 
Leu Jle Ser Asp Asn Asp Iiys Tyr Asn Lys Gin Cys Leu Ser Asp Sex 
10 15 20 

agt gat agt ggt agt gat gta age ttt ttt tec gta aac gaa age gaa 149 
Ser Asp Ser Gly Ser Asp Val Ser Plae -Phe Ser Val Asn Glu Sfer Glu 
25 3 0 35 .40 

ggt gaa teg gat aca atg gag aaa gtg gat acc ttg att gga ggc gca 197 
Gly Glu Leu Asp Thr Met Glu Lys Val Asp Thr Leu He Gly Gly Ala 
45 SO 55 



aga gtt afca age aat aaa gta gaa aaa gac age gat agt gaa caa agg 
Ara Val He Ser Asn Lys Val Glu Lys Asp Ser Asp Ser Glu Gin Arg 
60 « 70 

gga aga aag aag gaa aca act ggg ccc aat aac tar cat aat tta gaa 
Gly Arg Lys Lys Glu Thr »r!hr Gly Pro Asn Asn Tyr His Asn Leu Glu 

75 80 as 

gag aag caa gcg agt gee att tct cct gac get gat gat gaa gat etc 
Glu Lys Gin Ala Ser Ala He Ser Leu Asp Ala Asp Asp Glu Asp Leu 
30 9S 

gat gaa att att tct tat teg cat gae ggg aac tat gac age tct eac 
Asp Glu tie He Ser Tyr Ser His Asp Gly Asn Tyr Asp Ser Ser Hxs 
105 110 lis 120 
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293 



341 



389 
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aaa act ttc tec ttt tec tta cca tct ggt aat aca aat ttc cga tea 437 
Lys Thr Pile Ser Plxe Ser Leu Pro E»he Gly Asn Thr Asa B»iie Arg Ser 
125 130 3^35 

agt tea cca tta gcc ata att aaa act gtg ctt ccc aag act cca gat 
Ser Seir Pro Leu Ala lie He Lys Thr val Leu Pro Lys Thr Pro Asp 
140 145 150 



485 



gag ttc acc aaa aag aat eta aga aag aat gag ate aag caa aaa ctg 533 
Glu Phe He Lys Lys Asn Leu Arg Lys Asn Glu lie Lys Gin Lys Leu 
155 leo 165 

aaa aaa tea acc tec att tec tec ttg gaa gag ata gaa tta ttc aaa 5ai 
Lys Lys Ser Tlir Ser lie Ser Ser Leu Glu Glu He Glu Leu Phe Lys 
170 175 ISO 

tac gaa agg ggc att gat aat tea agg tta agg get gtt aaa gaa tct 629 
ayr Glu Arg Gly He Asp Asn Ser Arg Leu Arg Ala Val Lys Glu ser 
185 190 195 200 

ttg .gaa atg gat gee ttg aag aac tec att aag caa ata aca gca gac 677 
Lefu Glu Met Asp. Ala Leu Lys Asn ser He Lys Gin He crlir Ala Asp 
205 210 

cca ttc gac aaa act., cat gac gga tat tac cgc teg cgt tta gaa tct 725 
Pro Phe Asp Lys Tlxr His Asp Gly Tyr Tyr Arg Ser Arg Leu Glu Ser 
220. 225 230 

ata-tgg aat gaa t.tg.gaa gga gat gtc gtt ata atg ggc gga tat cga 773 
He Tip Assn Glu Leu Glu Gly Asp Val Val He Met Gly Oly lyr Arg 
• 23S 240 245 

ggt agt gtg eta agg gac get act act cat aag cga att tgg ate cca 821 
Gly Ser Val Leu Arg Asp Ala Thr Thr His Lys Arg He Trp He Pro 
250 * 255 260 

tta aag gca ggc ttg aat acg acg aaa gtc gac tta ttg ate gga cct 869 
Leu Lys Ala Gly Leu Asn Miec Thr Lys Val Asp Leu Leu He Gly Pro 
265 270 275 280 

aat gac gaa gat gaa ctt aaa acc cag aag gag act gtc cct gac gga 917 
Asn Asp Glu Asp Glu Leu Lys Thr Gin Lys Glu He Val Pro Asp Gly 
285 290 295 

atg eta aea cat ata ggg ccc gtt gat ate tct aag agg ttg ata aag 965 
Met Leu Thr His He Gly Pro Val Asp He Ser Lys Arg Leu He Lys 
300 305 310 

agg eta gac gca aat cct aat tta aat gtt cag cag ttt ggc tat gat 1013 
Arg Leu Asp Ala Asn Pro Asn Leu Asn Val Gin Gin Phe Gly lyr Asp 
315 320 325 

tgg aga tta tec ttg gac ata tct gee aag cat tea acg act aaa eta 1061 
Trp Arg Leu Ser Leu Asp He Ser Ala Lys His Leu Thr Thr Lys Leu 
330 335 340 

gag gaa att tac aat aag caa aaa aat aag aag gga ata tac ate att 1109 



B^y^^^S 8SS2S09 TZ9 6t7+ 



9^ y>W3 30 dsba 



• 



BASF Plant Scianca G»bB 20020437 PF 53702 

! . 3 

Glu Glu lie Tyar Asn Lys Gin Lys Asu liys Lys Gly lie rpyr lie He 
345 350 355 360 

gcc cat tea atg gge gga ttg gtc gca cat aaa gtg ctg caa gac tgc 1157 
Ala His Ser Met Gly Gly I-eu Ve^l M.a His Lys Val Leu Gin Asp cys 
365 370 375 

act cat ttg ata aga ggt att att tac gtg ggt tec cca age caa tgt 1205 
Thr His lieu He Arg Gly He He Tyr Val Gly Ser Pro ser Gin Cys 
380 385 390 

cca aat att tta ggt cct att agg ttt gga gat gat gcg atg tgg aat 1253 
Pro Astt He Leu Gly Pro He Arg Phe Gly Asp Asp Val JMtet Trp Asn 
•^BS 400 405 

aaa eta ttt tea eta aga acc aac ttt ttt atg aga agt agt etc tat 1301 
Lys Leu Plie Ser Leu Arg Tbr Asn Phe Plie Met Arg Ser Ser Plxe Tyr 
410 415 420 

ttt eta ccg tea gat ggt aga tgt ttt gtt gac aaa att acc tta gag 1349 
Ehe Leu Pro Leu Asp Gly Arg Cys P3ae Val Asp Lys He TPhr Leu Glu 
425 430 435 440 

agg tat gat ttc gae ttt ttt gat aca gat gtt tgg aaa acc ctt ggc 1397 
Arg Tyr Asp Phe Asp Phe Phe Asp Thr Asp Val Trp Lys Thr Leu Gly 
445 450 455 

ttg tea cct"" etc gtc aat gag aaa aga gag gaa tea gct cac gaa aaa 144S 
Leu Ser Prci Leu Val Asn Glu Lys Arg Glu Glu Ser Ala His Glu Lys 
460 465 470 



tea aaa tta tta cca" agg aaa acg aaa tea gcg ctt teg ctt aaa get 
Ser Lys Leu Leu Pro Arg Lys Thr Lys Ser Ala Leu Ser Leu Lys Ala 
475 480 485 
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acc eta aac gca act ace aag ttt gtc eta aat gca cct get gtt agg 1541 
Thr Leu Asn Ala Thr Thr Lys Phe Val Leu Asn Ala Pro Val Val Arg 
490 495 500 

aat gta gcc ggc aat aat aaa cag gta cca agg gat gtg cct ttc gat 15 B9 
Asn val Ala Gly Asn Asa Lys Gin Val Pro Arg Asp Val Pro Phe Asp 
505 510 515 520 

gaa gtc ttc cat aca tct tat gaa gat age tgt gaa tat tta gcg aga 1637 
Glu val Phe His Thr Ser Tyr Glu Asp Ser Cys Glu Tyr Leu Ala Arg 
525 530 535 

act tta aaa cgt aca aag aat tat ttg gat age tta gat tac gac ccg 1685 
Thr Leu Lys Arg Thr Lys Asn Tyr Leu Asp Ser Leu Asp Tyr Asp Pro 
540 545 550 

aac aaa gaa cat cct cca ttg gcc atg gtt tac ggt aac aag gtt cec 1733 
Asn Lys Glu Tyr Pro Pro Leu Ala Met Val Tyr Gly Asn Lys Val Pro 
555 560 565 

act gtt aga ggt get aaa gtg aac ggt ata caa gat ata aaa gat ggg 1781 
Thr Val Arg Gly Ala Lys Val Asn Gly Xle Gin Asp He Lys Asp Gly 



90 b-^xna ab dsoa 



BASF Plant Sleience GmbH 20020437 ps^ 53702 BB 



570 575 580 

aat tat gaa gat ttt tac tat ggt ceg- grgc gac ggt gtt gtt cac cat 1S29 
Asn Tyr Glu Asp Phe a?yr Tyx Gly Pro Gly Asp Gly Val Val His His 
5BS 590 S95 600 

aaa tgg tta ttg cct gaa cag aga ggc ttt cca gtt gtt tgt aaa ate 1877 
Lys Trp lieu Leu Pro Glu Gin Arg Gly Phe Pro Val val Cys hys He 
605 610 615 

gcc agt tct tea ggt cat gtt age tta atg acg gat ttg aaa tea atg 1925 
Ala Ser Ser Ser Gly His Val Ser lieu Met Thx Asp Leu Lys Ser Met 
620 625 630 

gca aaa gca ttc ata tct ate gtc gac age gaa aaa gaa gga aga aga 1973 
Ala Lys Ala Phe He Ser He Val Asp Ser Glu Lys Glia Gly Arg Arg 
635 640 645 

tct cga aca cga act tct tea tgaaaggctt tttattcctt tgtttactac 2024 
Ser Arg Ifbx Arg Tlhr Ser Ser 



650 




655 








tcatatctgc 


atttttettt 


tcaccaaaat 


tccgcatgcc aaaaaaaatc 


tggcaacgca 


2084 


ccgcgaataa 


aaatwataa 


tattttttta 


tctttagttg cctaaatact 


atttatttcg 


2144 


tcaattttac 


aacctctttt 


atatacacca 


ttcgatttcc cacgaagtaa 


aataataatt 


2204 


ctataaacag 


atctatctga 


tatgctcaat 


ttcccctccc attttcatta 


ttgtccctct 


2264 


tgcccttcct 


cgatgtcaaa 


attaaccttc 


agccataagc tgcatgcgct 


aeattgggtt 


2324 


aataattgat 


aaccaga&tg 


actcegttcc 


atagcgtcta cattatcaat 


gcatticatcc 


2384 


aacaaactct 


cactaaaatg 


aaiaaccaeea*^ acaaattgac agcgaggaca 


attca 


2439 



<210> 2 
<211> 655 
<212i' PRT 

•^213> Saccharomyces cerevisiae 
<400> 2 • . 

Met Met Ala TOur Pro Ala OAir Asp Leu He Ser Asp Asn Asp Lys Tyr 
IS 10 15 

Asn Lys Gin cya Leu Ser Asp Ser ser Asp Ser Gly Ser Asp Val Ser 
20 25 30 

Phe Pile ser Val Asn Glu Ser Glu Gly Glu Leu Asp Thr Met Glu Lys 
35 40 45 

Val Asp Thr Leu He Gly Gly Ala Arg Val He Ser Asn Lys Val Glu 
50 SS 60 

Lys Asp Ser Asp Ser Glu Gin Arg Gly Arg Lys Lys Glu Thr Thr Gly 
65 70 75 80 
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Pro Asn Asn Tyr His Asn Leu Glu Glu Lys Gin Ala Ser Ala lie Ser 
B5 90 95 

Leu Asp Ala Asp Asp Glu Asp Leu Asp Glu lie xle Ser Tyr Ser His 
100 105 110 

Asp Gly Asn Tyr Asp Ser Ser His Lys Thr Phe Sear Phe Ser Leu Pre 
lis 120 125 

Phe Gly Asn Thr Asn Phe Arg Ser Ser Ser Pro Leu Ala lie lie Lys 
130 135 140 

Thr Val Leu Pro Lys Thr pro Asp Glu Phe lie Lys Lys Asn Leu Arg 
145 150 155 160 

Lys Asn Glu lie Lys Gin Lys Leu Lys Lys Ser Thr Ser lie Ser Ser 
165 170 175 

Leu Glu Glu. lie Glu Leu Phe Lys Tyr Glu Arg Gly lie Asp Asn Ser 
180 185 190 

Arg Leu Arg Ala Val Lys Glu Sex Leu Glu loet Asp Ala Leu Lys Asn 
195 200 205 

Ser lie Lys Gin lie Thr Ala Asp Pro Phe Asp Lys Thr His Asp Gly 
210 215 220 

Tyr Tyr Arg Ser Arg Leu Glu Ser lie Trp Asn Glu Leu Glu Gly Asp 
225 230 235 240 

Val Val lie Met Gly Gly Tyr Arg Gly Ser Val Leu Arg Asp Ala Thr 
245 250 255 

Thr His Lys A±g lie Tig Pro* Leu £ys Ala Gly Leu Asn iiet' Thr • 
260 265 270 

Lys Val Asp Leu Leu lie Gly Pro AiSn Asp Glu Asp Glu Leu Lys Thr 
275 280 285 

Gin Lys Glu lie Val Pro Asp Gly Met Leu Thr His lie Gly Pro Val 
290 295 300 

Asp He Ser Lys Arg Leu He Lys Arg Leu Asp Ala Asn Pro Asn Leu 
305 310 315 320 

Asn Val Gin Gin Phe Gly Tyr Asp Trp Arg Leu Ser Leu Asp He Ser 
325 330 335 

Ala Lys His Leu Thr Thr Lys Leu Glu Glu He Tyr Asn Lys Gin Lys 
340 345 350 

Asn Lys Lys Gly He Tyr He He Ala His Ser Met Gly Gly Leu Val 
355 360 365 

Ala His Lys Val Leu Gin Asp Cys Thr His Leu He Arg Gly He He 
370 375 380 
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Tyr Val Gly Ser Pro Ser Gin Cys Pro Asn lie lieu Gly Pro He Arg 
3SS 3S0 39S 400 

Phe Gly Asp Asp Val Met Trp Asn Lys Leu Phe Ser Leu Arg Thr Asn 
405 410 415 

Phe Phe Met Arg Ser Ser phe Tyr Phe Leu Pro Leu Asp Gly Arg Cys 
420 425 430 

Phe val Asp Lys He Thr Leu Glu Arg Tyr Asp Phe Asp Phe Phe Asp 
435 440 445 

Thr Asp Val Trp Lys Thr Leu Gly Leu Ser Pro Leu Val Asn Glu Lys 
450 455 460 

Arg Glu Glu Ser Ala His Glu Lys Ser Lys Leu Leu Pro Arg Lys Thr 
465 470 475 480 

Lys Ser Ala Leu Ser Leu Lys Ala Thr Leu Asn Ala Thr Thr Lys Phe 
485 490 4S5 

Val Leu Asn Ala Pro Val Val Arg Asn Val Ala Gly Asn Asn Lys Gin. 
500 505 510 

Val Pro Arg A^ Val Pro Phe Asp Glu Val Phe His Thx Ser Tyr Glu 
515 520 525 

Asp. Ser Cys Glu Tyr Leu Ala Arg Thr Leu Lys Arg Thr Lys Asn Tyr 
530 535 540 

Leu Asp Ser Leu Asp Tyr Asp Pro Asn Lys Glu Tyr Pro Pro Leu Ala 
545 550 555 550 

Met Val Tyx Gly Asn Lys Val Pro -Thr Val Arg Gly Ala Lys Val Asn 
565 570 575 

Gly lie Gin Asp Xle Lys Asp Gly Asn Tyr Glu Asp Phe Tyr Tyr Gly 
580 585 590 

Pro Gly Asp Gly Val Val His His Lys Trp Leu Leu Pro Glu Gin Arg 
595 600 605 

Gly Phe Pro Val Val Cys Lys lie Ala Ser Ser Ser Gly His Val Ser 
610 615 620 

Leu Met Thr Asp Leu Lys Ser Met Ala Lys Ala Phe lie Ser He Val 
625 630 635 640 

Asp Ser Glu Lys Glu Gly Arg Arg Ser Arg Thr Arg Thr Ser Ser 
645 650 655 
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